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Abstract Sub-Saharan Africa is particularly vulnerable
to climate change. Multiple biophysical, political, and
socioeconomic stresses interact to increase the region’s
susceptibility and constrain its adaptive capacity. Climate
change is commonly recognized as a major issue likely to
have negative consequences on food security and liveli-
hoods in the region. This paper reviews three bodies of
scholarship that have evolved somewhat separately, yet are
inherently interconnected: climate change impacts, vul-
nerability and adaptation, food security, and sustainable
livelihoods. The paper develops a conceptualization of the
relationships among the three themes and shows how food
security’s vulnerabilities are related to multiple stresses
and adaptive capacities, reflecting access to assets. Food
security represents one of several livelihood outcomes. The
framework shows how several research paradigms relate to
the issue of food security and climate change and provides
a guide for empirical investigations. Recognizing these
interconnections can help in the development of more
effective policies and programs. The framework is applied
here to synthesize findings from an array of studies in sub-
Saharan Africa dealing with vulnerability to climate
change, food security, and livelihoods.
Keywords Livelihoods  Climate change  Vulnerability 
Adaptation  Sub-Saharan Africa  Food security
Introduction
Humanitarian crises associated with environmental condi-
tions on the African continent, such as serious and sus-
tained droughts, exemplify the vulnerability of people and
communities in rural developing economies to acute phy-
sical stresses. These shocks act on communities whose
vulnerability is affected in part by poverty and weak
institutional support, and can have devastating conse-
quences for people’s food security and livelihoods. Food
insecurity results from complex interactions of multiple
stressors (socioeconomic and environmental) over long time
periods and with sudden shocks (Swift 1989; Misselhorn
2005; Devereux 2007; Akrofi et al. 2012). Chronic drivers,
which include poverty, environmental stressors, the absence
of property rights, and poor market access, create a vul-
nerable environment where short-term drivers (e.g., food
price increases) stress the communities (Misselhorn 2005).
These interactions occur at different scales and can result in
unexpected livelihood outcomes (O’Brien et al. 2009).
Climate change is an emerging stressor that is experi-
enced over longer time frames via changes in climatic
norms and over shorter periods via changes in the fre-
quency and severity of extreme weather events. Climate
change is commonly recognized to have major implications
for food security and livelihoods (Thompson and Scoones
2009). In sub-Saharan Africa, extreme droughts already
impede people’s ability to grow food and rear livestock,
and pastoralists and agro-pastoralists will need to adapt to
changes in water regimes in order to maintain their food
security and well-being (Kebede et al. 2011; Songok et al.
2011b).
The research on climate change impacts, vulnerability,
and adaptation (sometimes called IVA) has provided sev-
eral perspectives on the implications of climate change for
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food security and livelihoods. Somewhat different per-
spectives on this issue are provided by research in the field
of food security/insecurity and by insights from the field of
sustainable rural livelihoods. This paper explores the
relationships among these three fields of research. While
climate change is likely to affect food security and liveli-
hoods throughout the world, this review focusses on sub-
Saharan Africa, especially rural communities.
Sub-Saharan Africa is vulnerable to climate change, as
multiple biophysical, political, and socioeconomic stresses
interact to heighten the region’s susceptibility and con-
strain its adaptive capacity (Davidson et al. 2003; Reid and
Vogel 2006; IPCC 2007). Beyond increases in temperature,
climate change in sub-Saharan Africa is expected to cause
changes in rainfall intensity (Thomas et al. 2007; Songok
et al. 2011a), increases in the incidence of extreme events
such as droughts and floods (Richard et al. 2001;
Fauchereau et al. 2003; New et al. 2006; Niang et al. 2014;
Tschakert et al. 2010), increases in desertification (Reich
et al. 2001), and alterations in certain disease vectors
causing changes in the spatial and temporal transmission of
infectious diseases (Hay et al. 2002; Chen et al. 2006).
Expected impacts include shortened or disrupted growing
seasons, reductions in the area suitable for agriculture, and
declines in agricultural yields in many regions of sub-
Saharan Africa (Niang et al. 2014; Mu¨ller et al. 2011; Sarr
2012).
It is estimated that the livelihoods of 70 % of Africans
are dependent on rain-fed agriculture, an activity that is
characterized by small-scale, subsistence farms that are
vulnerable to a variety of stresses, including those associ-
ated with climate change (Challinor et al. 2007; World
Bank 2009). Due to its largely adverse effects on African
agriculture and livelihoods, climate change is expected to
have a negative impact on food security (Niang et al. 2014;
Challinor et al. 2007; Brown et al. 2009; Thornton et al.
2011).
Most of the research on climate change impacts related
to food in Africa, as evident in IPCC assessments, focuses
on changes in crop yields and food production (Niang et al.
2014; Porter et al. 2014). The food security literature shows
that food security is dependent not only on food production
but also on food access and food utilization (Misselhorn
2005). While food security is a fundamental requirement
for human sustenance, people’s well-being is also influ-
enced by other aspects of their livelihoods, such as income,
health, and assets (Bashir and Schilizzi 2013). The lit-
erature on sustainable livelihoods demonstrates that
livelihoods are composed of a combination of assets (or
capitals) that allow people to follow a combination of
strategies to attain livelihood outcomes (including better or
worse food security) (Scoones 1998; Carney et al. 1999).
Improving our understanding of the relationships among
climate, food, and livelihoods is more than a scholarly
imperative—it is also necessary to help guide practical
initiatives, such as policies, programs, and actions
(including climate change adaptation), intended to sustain
or improve the livelihoods and food security of people in
sub-Saharan Africa as the climate continues to change.
Initiatives that do not recognize the interrelationships run
the risk of being ineffective. For example, Perch (2011)
shows how climate change adaptation policies [such as the
climate change National Adaptation Plans of Action
(NAPAs)] that are crafted without considering the liveli-
hoods of vulnerable groups are unlikely to succeed.
Similarly, Levine et al. (2004) demonstrate how food se-
curity interventions that did not recognize livelihoods
failed to meet the needs of the targeted communities.
The aim of this paper is to summarize and assess the
knowledge from the three fields of research, to identify
their synergies, and to provide an integrated conceptual-
ization of how climate change affects the livelihoods and
food security of people living in rural communities, par-
ticularly in sub-Saharan Africa. The paper begins with a
review of the three fields: climate change IVA, food se-
curity, and sustainable livelihoods. On the basis of the in-
terconnections among the three fields, and drawing on
other integrated models, a conceptual framework is pre-
sented that brings together elements from the fields in order
to provide a structure for understanding the implications of
climate change on food security and livelihoods. The
framework is then employed to structure a review of
findings about climate change and food security in sub-
Saharan Africa.
Climate change impacts, vulnerability, and adaptation
(IVA)
Researchers addressing climate change IVA have studied
issues related to food security using several approaches.
One common research strategy is to predict the impacts of
climate change on food production based on climate sce-
narios from global climate or general circulation models
(GCMs). These studies start with projections of greenhouse
gas emissions that are input into GCMs to estimate future
climate norms, notably mean temperature. Estimates are
derived for changes in agro-climatic norms, such as pre-
cipitation (Funk et al. 2008), the length of the growing
season (Sarr 2012), water availability, and soil moisture
(Kunstmann and Jung 2005). Using these scenarios and
models of plant phenology or statistical estimates of yields,
impacts on future crop yields are calculated. Then, with
assumptions made about such things as crop choice and
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cultivation practices, food production levels are estimated
(Slingo et al. 2005; Lobell et al. 2008).
Scenario-based impact studies of this kind, sometimes
called ‘‘top-down’’ or ‘‘endpoint’’ vulnerability assess-
ments (O’Brien et al. 2004; Fu¨ssel and Klein 2006), are
usually conducted at a global scale or at broad regional
scales (Kunstmann and Jung 2005; Parry et al. 2005; Molua
2008; La¨derach 2011; Sarr 2012). In order to isolate the
effect of climate change, most other factors are assumed to
be constant.
These impact studies provide important information on
how long-term change in climatic norms is likely to affect
yields and food production (Lobell et al. 2008; Thornton
et al. 2011). In sub-Saharan Africa, such research has
suggested that overall, East Africa will experience wetter
weather and Southeast Africa will become drier (Kotir
2011). Changes in rainfall patterns are expected to result in
loss of cropland (Niang et al. 2014; Kotir 2011). Crop
yields in most of sub-Saharan Africa are estimated to fall
by at least 10–20 % by 2050 (Kotir 2011; Thornton et al.
2011). Arid and semiarid regions of the continent are
expected to expand (Kotir 2011). In West Africa, it is
expected that rainfall will be more variable and less pre-
dictable, which will reduce the length of the growing
season. By 2050, West African yields could drop by
20–50 % (Sarr 2012).
Some scenario-based production impact studies also
include hypothetical adaptation strategies in order to help
understand how certain broad adaptations, such as the se-
lection of crop varieties, might affect the estimated climate
change impacts on food production (Parry et al. 2005;
Crespo et al. 2011). In these analyses, theoretical adapta-
tions are introduced in order to estimate the degree to
which impacts might be moderated by widespread adjust-
ments in crops or land use. For instance, assuming the
amount of irrigated land in sub-Saharan Africa were dou-
bled by 2050 (keeping total crop area constant), cereal
production would increase by 5 % (Calzadilla et al. 2010).
Other research has shown that aggregated mean crop yields
are expected to decrease by 6–24 % in sub-Saharan Africa,
depending on the climate scenario and the type of crop
management (e.g., single cropping vs. sequential cropping)
used by farmers (Waha et al. 2013).
The main question addressed in climate scenario impact
studies is ‘‘How much would food production change in an
average year if temperature and precipitation norms dif-
fered from the current and everything else stayed the same,
or if crop selection and land use were changed to match the
predicted climate regime?’’ These studies provide limited
insight into adaptation processes. They mostly deal with
long-term temperature and precipitation norms and rarely
address the interannual variability and extremes to which
farmers are particularly sensitive (Smit and Pilifosova
2003; Berrang-Ford et al. 2011). The impact models do not
investigate the practical feasibility of adaptations, the
conditions that might facilitate or impede adoption of
adaptive strategies, or the actual types of adaptations
employed (Adger and Kelly 1999). Furthermore, this
research conceptualizes climate change as the main driver
for impacts on the human system. The approach does not
substantially address how climate change interacts with
other stressors, how these interactions affect people, and
how people can and do behave.
Climate change impact studies of food production pro-
vide initial estimates into one aspect of food availability,
but they are not designed to address the other aspects of
food security, namely food access and food utilization. The
implications for human well-being fall outside the scope of
this work, and the consequences of climate change on
human livelihoods are not explicitly analyzed.
The importance of situating climate change impacts as
part of a multitude of stressors that can affect people,
including their food security, has been recognized (Adger
2006; Smit and Wandel 2006; Tschakert 2007). This work
draws on the fields of poverty, vulnerability, and liveli-
hoods (e.g., Chambers 1995; Scoones 1998) in order to
explicitly consider the experience of people in the analyses.
This research attempts to understand and document the
nature of the vulnerability of a human system (e.g., a
household, a community, a society, a region, or a sector) to
climatic and other stresses (e.g., socioeconomic, political,
biophysical) by identifying the processes through which
people experience and respond to climate change. These
analyses, sometimes called ‘‘bottom-up’’ or ‘‘starting-
point’’ vulnerability approaches, tend to be local in scale,
empirical, and use ethnographic and participatory research
approaches (O’Brien et al. 2004; Fu¨ssel and Klein 2006).
Vulnerability research directly assesses adaptation by
seeking to understand who or what adapts, to what stimuli,
and how it occurs (Smit et al. 1999; Adger et al. 2003). The
goal is to understand the adaptation process: how people
have adapted to past changes, and what changes or con-
ditions are relevant and can provide insight into how they
will adapt in the future. Adjei-Nsiah et al. (2010) show that
in Wenchi, Ghana, farmers consider poor rainfall distri-
bution and frequent droughts as the most important cli-
mate-related changes. They are adapting to these changes
by planting early-maturing and/or drought-resistant crops,
planting early, and using agrochemicals. In South Africa
and Ethiopia, farmers have noticed increases in tem-
perature and a decrease in rainfall. Yet, a large proportion
of the farmers in both countries did not undertake any
adaptive measures (Bryan et al. 2009). Farmers named
shortage of land (Ethiopia) and lack of access to credit
(South Africa) as the main barriers to adaptation (Bryan
et al. 2009). Other research documents the stressors to
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which people adapt. In northern Burkina Faso, farmers
mentioned land scarcity and new market opportunities,
rather than a changing climate, as the main reasons for
changing their farming practices. They adapted by using
micro-water harvesting techniques, storing hay and sor-
ghum residues to feed livestock, and have adopted dry
season vegetable production (Barbier et al. 2009).
Many regions in sub-Saharan Africa are heavily con-
strained by their limited social, political, and technical
resources, which already affect their ability to cope with
issues of scarcity and poverty. These constraints also
hamper their ability to cope with changing environmental
conditions (Downing et al. 1997; Westerhoff and Smit
2009). Community-based studies have provided insights
into the various stresses that affect people and their
livelihoods. In KwaZulu-Natal, South Africa, Reid and
Vogel (2006) found that the multiple daily stresses in
people’s lives combined to increase their vulnerability to
future climate change, and weak organizational support
limited adaptation. Bunce et al. (2010) found that climate is
an important livelihood stressor for people in Mozambique
and Tanzania, and policy (and therefore institutions) is a
key stressor that interacts with climate to increase people’s
vulnerability. In Senegal, climate change interacts with
rural unemployment, poor health, and inadequate infras-
tructure to increase people’s vulnerability (Tschakert
2007).
Climate change vulnerability studies have also been
used to provide insight into how food security might be
affected by climate change. In the Afram Plains region of
Ghana, farmers are noticing delays in the onset of the rainy
season, mid-season heat waves, and high-intensity rains
that cause flooding, resulting in crop loss and low yields,
and reducing the availability of household food (Codjoe
and Owusu 2011). Flooding is also destroying local roads,
leading to difficulty in transporting foodstuffs.
The work on climate change vulnerability and adapta-
tion relates to food security and sustainable livelihoods
through the recognition that climate change is one of
numerous stressors acting upon people’s livelihoods and
that people’s capacity to achieve food security is influenced
by a variety of economic, institutional, and social condi-
tions. In building their livelihoods and ensuring their food
security, people respond to a variety of stresses, of which
climate-related forces may not be the most pressing. The
vulnerability work also indicates that food security
involves more than food production alone.
Food security
Food security involves more than the amount of food
available. The Food and Agriculture Organization (FAO)
defines food security as ‘‘a situation that exists when all
people, at all times, have physical, social and economic
access to sufficient, safe and nutritious food that meets
their dietary needs and food preferences for an active and
healthy life’’ (World Food Summit 1996). While food se-
curity is commonly defined as a dichotomy (either it exists
or it does not), it can vary by degree, over time, from
household to household, or among communities. The
conceptualization of food security reflects an evolution in
the field. In the 1970s, food security was considered largely
a function of food production, as evident in the World Food
Conference in 1974 (Anderson and Cook 1999; Maxwell
1996; Baro and Deubel 2006). Sen (1981) is widely cred-
ited for introducing the concepts of entitlements and access
to food security scholarship.
The common definition of food security rests on three
pillars: food availability, food access, and food utilization
(Webb et al. 2006; Ericksen et al. 2011). ‘‘Availability’’
refers to the production, distribution, and exchange of
food and can be understood as the amount, type, and
quality of food available for consumption. ‘‘Access’’
refers to the affordability, allocation, and preference of
food and can be understood as the ability to access food
of the required type, quality, and quantity. ‘‘Utilization’’
refers to the nutritional value, the social value, and the
safety of food. It can be understood as the ability to
consume and benefit from food. The availability of food is
considered necessary, but not sufficient for its access, and
its access is necessary, but is not sufficient for its uti-
lization (Webb et al. 2006; Pinstrup-Andersen 2009;
Barrett 2010). For example, food may be available in the
market, but a person may lack the funds to purchase it
(food is available, but the conditions for its access are not
met); or the person may have the money to purchase the
food, but it may not meet nutritional requirements, as it
could be spoiled or unhealthy (food is accessible, but the
conditions for utilization are not met).
Food availability
Food availability often remains the predominant aspect
used in food security analysis and measurement. Indicators
used to measure food availability include crop production
and/or food production indices, livestock ownership indi-
ces, and national food balance sheets (Coates et al. 2006;
Barrett 2010; Renzaho and Mellor 2010). For instance, the
FAO derives its ‘‘undernourishment’’ estimates from
national food balance sheets (which refer to a country’s
food supply) and assumptions of intra-national food dis-
tribution (de Haen et al. 2011). Productivity estimates are
easy to procure at global, broad regional, and national
levels, which may partly explain the persistence of the
availability-based focus (Barrett 2010).
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Analyses that focus on availability and omit access and
utilization can result in a skewed understanding of the
extent of the food security situation (Misselhorn 2005).
Access
Access, or the ability to acquire food, is influenced by
income level, access to resources, the physical and social
environment, the cost of food, and government and trade
policies (Renzaho and Mellor 2010). Food access has a
strong institutional component, consistent with Sen’s
(1981) treatment of entitlements and his demonstration that
entitlements failure leads to food insecurity. Access to food
is often measured using proxy, entitlements-based indica-
tors such as food consumption, food price monitoring, in-
come, or assets (Webb et al. 2006; Baiphethi and Jacobs
2009; Renzaho and Mellor 2010).
In rural sub-Saharan Africa, the majority of the
population practices subsistence agriculture, and supple-
ments food stores with purchases from the market (Bai-
phethi and Jacobs 2009). There is often a ‘‘hungry season,’’
which occurs when food stores are inadequate to carry a
household to the next harvest, and people are particularly
dependent upon market purchases (Thompson et al. 2010).
Households therefore diversify their incomes by engaging
in non-farm activities, such as wage employment (Barrett
et al. 2001). Understanding household food security means
situating it within the context of livelihoods.
Utilization
When food is available and accessible to a household, it
does not mean that the household is food secure, unless
the food is nutritious, safe, and socially acceptable by the
members of the household (Webb et al. 2006; Renzaho
and Mellor 2010). Determinants of food utilization
include the ability to physically use the available food
(e.g., having proper cooking utensils, culturally regulated
feeding hierarchies, cuisine patterns, adequate housing)
and the ability to biologically use the available food (e.g.,
absence of diarrheal or other diseases that impede biolo-
gical food use, infection, etc.) (Renzaho and Mellor 2010;
Vink 2012).
Food security and livelihoods
Food security is a multidimensional phenomenon that
reflects a complex interaction of multiple stresses (e.g.,
political, institutional, social, biophysical, and economic)
(Misselhorn 2005; Altman et al. 2009). Framing food
security as an integral part or an outcome of a livelihood
strategy recognizes that a host of stresses can interact to
affect food security at a household or individual level.
Household-level scholarship on food security often
draws on livelihood approaches. In fact, some define food
security as the success of local livelihoods in guaranteeing
access to sufficient food at the household level (Devereux
and Maxwell 2001). The focus of household-level food
security research is to study the strategies used by people to
achieve food security, whether it be migration (Karamba
et al. 2011), income diversification (Babatunde and Qaim
2010), or the use of technology (Burney and Naylor 2012),
for example. Food security can be seen as one dimension of
a broader livelihood strategy (Maxwell and Smith 1992).
In short, food security scholarship has progressed from
an understanding of food security rooted in issues of world
and regional food supply, to issues of household and in-
dividual food security that focus on access (Sen 1981),
sustainability (Scoones 1998), and vulnerability to food
insecurity (Chambers and Conway 1991; Watts and Bohle
1993).
Sustainable livelihoods
Chambers and Conway (1991, p. 6) define sustainable
livelihoods as: ‘‘A livelihood comprises the capabilities,
assets (stores, resources, claims and access) and activities
required for a means of living: a livelihood is sustainable
which can cope with and recover from stress and shocks,
maintain or enhance its capabilities and assets, and provide
sustainable livelihood opportunities for the next gen-
eration; and which contributes net benefits to other liveli-
hoods at the local and global levels and in the short and
long term.’’
The goal of livelihoods research is to analyze the diverse
ways that people make a living (Kaag 2004; Scoones
2009). The field evolved from household and farming
systems studies and draws upon the assets/processes/ac-
tivities framework that was used in poverty reduction,
sustainability, and livelihood strategies research (Scoones
1998; Ellis 1999; De Haan and Zoomers 2005). These
approaches were driven by the need to deepen our under-
standing of poverty from a purely economic conceptual-
ization (defined in terms of lack of income or GNP/capita),
to the incorporation of basic needs (e.g., access to certain
consumer goods and collective goods), to entitlements and
the vulnerability of people to change (Carney et al. 1999;
De Haan and Zoomers 2005).
Many sustainable livelihood approaches use an iteration
of the ‘‘sustainable rural livelihoods’’ framework (Carney
2003). This framework emphasizes how people use a range
of assets (natural, physical, social, human, and financial
capitals)—sometimes conceptualized in the literature as
‘‘strengths’’ (Moser et al. 2001)—to devise livelihood
strategies with the goal of achieving positive livelihood
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outcomes. In the framework, assets exist within a context
of vulnerability, which is composed of the trends, shocks,
and cultural practices that affect livelihoods. Structures
(e.g., government, the private sector) and processes (e.g.,
laws, culture, institutions) influence people’s access to as-
sets (Moser et al. 2001; Carney 2003).
Sustainable livelihood approaches have been used to
address a range of issues regarding development in sub-
Saharan Africa, including:
• the effects of power and gender relations on the lives of
specific groups of people (e.g., women) (Canagarajah
et al. 2001; Mandel 2004; Oberhauser and Pratt 2004),
• the diversity of the strategies used by the rural poor to
make a living (Abdulai and CroleRees 2001; Batterbury
2001; Smith et al. 2001; Manvell 2006; Yaro 2006),
• the success of climate change adaptation strategies
(Assan et al. 2009; Jones et al. 2010; Osbahr et al.
2010),
• the effects of policies on the lives of the poor (Rakodi
1999; Barrett et al. 2001),
• issues of food security (Sutherland et al. 1999; Gladwin
et al. 2001; Hesselberg and Yaro 2006; Codjoe and
Owusu 2011), and
• the effects of global environmental change on the poor
(Hahn et al. 2009).
In terms of food security, adopting a livelihood
approach allows for a more thorough analysis of the forces
that shape food insecurity at the household and individual
level. Gladwin et al. (2001) investigated why African
households, and especially women headed households,
tend to be food insecure. They found that agriculture-based
households could not rely on a single livelihood strategy,
and cultural norms constrain women in their choice of
livelihood strategies. Hesselberg and Yaro (2006) demon-
strate that Ghanaian households require diverse livelihood
strategies in order to reduce their food insecurity. They
found that low food security is a result of poor biophysical
conditions, low social capital and few opportunities for
local non-farm income generating activities.
Sustainable livelihood approaches have shown them-
selves to be useful in capturing the processes and con-
textual factors that shape adaptive capacity (Scoones
1998; Carney 2003; Scoones 2009). A focus on the assets
or capitals helps to establish what resources are available
and accessible to aid in adaptation. For instance, Hahn
et al. (2009) combined a sustainable livelihood approach
with a climate change vulnerability assessment to create a
livelihood vulnerability index that serves to determine the
differential impacts of climate change on two communi-
ties in Mozambique, and to identify livelihood strategies,
such as seed storage, that help in adapting to climate
change.
The climate change, food security, and livelihoods
framework
Notwithstanding the distinct foci of each of the bodies of
research reviewed above, there are clearly considerable
areas of overlap. In particular, any investigation into the
implications of climate change for food security and
livelihoods would benefit from drawing on aspects of all
three, as each provides particular insights into the com-
plexity of livelihoods, food security, and how people
respond to the multiple stresses they experience.
Several frameworks have been developed that integrate
elements from these fields. Wisner et al. (2004) outline
frameworks that describe relationships among natural and
social/political/economic processes that influence access to
opportunities and exposure to hazards contributing to dy-
namic vulnerability. O’Brien and Leichenko (2000) pro-
pose a ‘‘double exposure’’ framework that guides research
on the interactions of climate change impacts and global-
ization. Turner et al. (2003) develop a general model of
coupled human–environment systems, with linkages,
impacts, and adaptations across scales, reflected in vul-
nerability as a function of exposure, sensitivity, and
resilience. Ford (2009) employs a vulnerability model, in-
cluding exposure–sensitivity and adaptive capacity, to
assess implications of climate for food security.
Ericksen (2008) develops frameworks to understand the
interactions between global environmental change (GEC)
and food systems and to evaluate some of the major out-
comes of these interactions on food security (through its
three pillars), ecosystem services, and social welfare.
Major foci of the framework are the feedbacks and inter-
actions among its GEC and socioeconomic drivers. These
act upon the components of food systems, which include
social, institutional, and ecological activities (e.g., pro-
ducing, processing, distributing food), actors (e.g., farmers,
distributors, consumers), and outcomes (e.g., food security,
social welfare, environmental welfare). Livelihoods are
addressed implicitly in that ‘‘food system outcomes’’ con-
tribute to food security as well as social welfare and
environmental or natural capital.
Among studies in Africa, Codjoe and Owusu (2011)
draw on Rakodi’s (2002) livelihoods approach to develop a
food systems framework to assess the impacts of climate
change on the three pillars of food security, and identify
areas for adaptation. While multiple stressors are recog-
nized, the predominant driver considered is climate change.
The food systems approach was used to gain insight on
how climate change is affecting a variety of aspects that
determine the region’s food security, such as food storage
facilities, rural transportation, and cultural practices. This
framework focuses specifically on the food security out-
comes of livelihoods.
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Hesselberg and Yaro (2006) develop a livelihood vul-
nerability framework to assess the food insecurity situation
in villages in marginal environments in northern Ghana.
This framework conceptualizes vulnerability as the result
of the interactions among the threats faced by people to
their livelihoods (e.g., physical, economic, political
shocks), their capabilities (a function of their sensitivity
and their resilience), and the outcomes of their strategies.
The framework does not deal specifically with the field of
climate change, but recognizes that livelihoods are affected
by a multitude of stressors (or threats).
Casale et al. (2010) present the Southern Africa Vul-
nerability Initiative (SAVI) framework, a conceptualization
that explores the factors that influence vulnerability in
Southern Africa. This model identifies multiple stressors
that act on the contextual environment, which is composed
of capitals (natural, physical, social, human, financial).
Outcomes, particularly relevant to southern Africa, include
food insecurity, conflict, HIV infection, and mortality.
Special focus is brought to points of intervention, such as
health care, food aid, or other home-based care.
The previously discussed frameworks explore different
facets of the interactions among food security, livelihoods,
and/or climate change IVA. This paper proposes a con-
ceptual framework that is particularly suited to researching
the implications of climate change in the context of multiple
stressors on livelihoods and food security at the community
level in sub-Saharan Africa. This conceptual framework
(Fig. 1) serves to indicate the various aspects of a com-
munity that should be considered in an effort to characterize
its vulnerability to changing conditions and its capacity to
adapt, particularly as these relate to its food security. The
framework serves, in part, as a ‘‘checklist’’ of relevant
variables to consider in an analysis. It recognizes that there
are several dimensions of food security and these are
embedded and interconnected with other livelihood attributes
and the natural resource base within which communities
operate. The framework indicates key connections and
interactions that represent important features of any assess-
ment of the dynamic nature of a community’s food security.
This conceptual framework provides an overall outline
of the factors and interconnections that constrain and
influence the nature and dynamics of a community’s food
security. ‘‘Community’’ as used here could be applied at any
of several scales, such as a household or a village. Of
course, within a community, there are likely to be sig-
nificant differences in many of the conditions identified in
the framework. For example, all people in a village will
have a suite of assets and will be affected by biophysical
(physical, biological, and ecological) and socioeconomic
(social, economic, political and institutional) drivers, but
the specific assets will likely vary among individuals and
households, and their exposure to the drivers may also vary.
In this framework (Fig. 1), the vulnerability of a com-
munity is a function of the multiple and interrelated bio-
physical and socioeconomic drivers that act upon the
community and shape its adaptive capacity. As in both the
sustainable livelihoods field (Chambers 1989) and the cli-
mate change IVA field (Adger and Kelly 1999; Smit and
Wandel 2006), vulnerability is seen to have two intercon-
nected elements: one related to external risks, shocks,
drivers, and stresses to which communities are subject, and
one relating to the means of coping or capacity for adapt-
ing. Biophysical drivers include climate change and also
other physical and biological conditions, such as disease,
earthquakes, and soil quality. Socioeconomic drivers can
include demographics, economics, institutions, and poli-
cies. Political conditions, institutional structures and pro-
cesses, cultural norms, and market forces all represent
important forces or drivers of vulnerability (Adger and
Kelly 1999; Scoones 2009). The socioeconomic and bio-
physical drivers, or stressors, overlap to indicate that they
interact to affect the community synergistically (Ericksen
2008). This conceptualization of drivers, also called stres-
sors, hazards (Wisner et al. 2004), contextual conditions
(Casale et al. 2010), or the livelihood environment
(Scoones 1998) is broadly consistent with ideas in climate
change IVA (O’Brien et al. 2009), sustainable livelihoods
(Scoones 1998), and food security (Misselhorn 2005).
Adaptive capacity (Fig. 1) refers to the potential of a
system to adjust itself to change (Watts and Bohle 1993;
Smit et al. 2000; Turner et al. 2003; Fu¨ssel and Klein
2006). It is conceptually close to many interpretations of
resilience (Nelson et al. 2007). Many climate change vul-
nerability scholars have drawn linkages between the capi-
tals or entitlements (livelihood resources or assets) and
adaptive capacity, particularly as it relates to social capital
(Adger 2003; Pelling and High 2005). This framework
conceptualizes adaptive capacity as the ability of a person
or a community to use their assets or capitals in order to
deal with or adapt to changing conditions.
Access to livelihood assets (natural, financial, social,
physical, and human capitals) (Fig. 1) is shaped by char-
acteristics of the community and by the multiple and
interacting biophysical and socioeconomic drivers. The
assets are the livelihood resources that people use in
varying combinations to build their livelihood adaptation
strategies (Scoones 1998). For example, in order to diver-
sify its income, a household may choose to find employ-
ment on a neighbor’s farm (hence using their natural,
social, and human capitals). The ability of a household
member to find employment may be determined by cultural
norms (e.g., women may not be allowed to work outside of
the household) and the current climatic conditions (which
determine the season’s successfulness, hence the neigh-
bor’s ability to hire outside help). Structural forces may
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also affect access to assets. For instance, low commodity
prices may be detrimental to profit for a cash crop.
Governmental policies that determine where investments in
infrastructure or services are made could also aid or con-
strain a community’s ability to access markets, or its access
to aid (including food aid).
Adjustments to stresses may occur via incremental
adaptations and/or via transformations in institutional
structures and processes. Adaptation strategies (Fig. 1) are
the actions that people individually or collectively under-
take to adjust to changing conditions in order to maintain or
improve their well-being (e.g., agricultural intensification/
extensification, livelihood diversification, migration). They
are the realization of adaptive capacity, as people draw
upon their assets to adapt (Adger 2006; Smit and Wandel
2006). Transformational changes reflect higher-level ad-
justments in policies, programs, and institutions, or when
thresholds are crossed in sociocultural or political economy
systems (e.g., Nelson et al. 2007).
Transformations and adaptations are reflected in out-
comes. Livelihood outcomes (Fig. 1) include changes in
human well-being, income, health, and food security. Food
security, through its three pillars, is a livelihood outcome,
as it has been conceptualized in the field of sustainable
livelihoods (Sutherland et al. 1999; Gladwin et al. 2001).
Natural resource outcomes, also referred to as ‘‘ecosystem
services’’ (Fisher et al. 2013), include (but are not limited
to) changes in water, air or soil quality, and biodiversity.
In Fig. 1, the livelihood outcomes and natural resource
outcomes overlap to indicate that they are not independent
of each other. For example, an adaptation strategy that
increases income, like the sale of livestock, may contribute
to the depletion of soil fertility through the loss of manure
but may contribute to biodiversity through reduction in
overgrazing. Furthermore, the outcomes can change the
system’s vulnerability through feedbacks to its adaptive
capacity (as illustrated by the arrows in the diagram).
Livelihood outcomes that are positive in the short term
(e.g., increased income), but deplete the natural resource
base, may have negative feedback in the longer term by
diminishing the physical assets available.
The framework shows how we can conceptualize and
analyze the implications of climate change in a way that
draws on common concepts in climate change IVA, sus-
tainable livelihood approaches, and food security. The
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research on the factors and interactions to consider when
assessing ways in which climate change is likely to affect
food security and livelihoods, in particular communities. It
also provides policy makers and practitioners with a
structured ‘‘checklist’’ to minimize the likelihood of inef-
fective initiatives. In the following section, the framework
is used to structure a summary of findings from existing
sub-Saharan African research.
Insights from sub-Saharan Africa
Vulnerability
Vulnerability results from the complex interactions of
biophysical and socioeconomic drivers (or stressors) and
the capitals that make up adaptive capacity. In sub-Saharan
Africa, many countries are currently water stressed and
climate change is projected to exacerbate the situation
(Faramarzi et al. 2013). Additionally, some countries that
are currently not water stressed are likely to experience
stress in the future (Niang et al. 2014). With more than
two-thirds of Africans dependent on rain-fed agriculture
(World Bank 2009), communities are vulnerable to chan-
ges in water regimes, which are likely to be a major
stressor on livelihoods. In many regions, erratic, unpre-
dictable rainfall is an existing major stressor that is
expected to worsen under climate change (Adjei-Nsiah
et al. 2010; Codjoe and Owusu 2011; Tambo and
Abdoulaye 2013). Farmers are already noticing changes in
rainfall and in seasonality (Casale et al. 2010; Laube et al.
2012; Tambo and Abdoulaye 2013). They are experiencing
unpredictability in the onset of the rainy season (Assan and
Kumar 2009; Laube et al. 2012), increased incidences of
drought (Hesselberg and Yaro 2006; Westerhoff and Smit
2009), and more intense rainfall, sometimes leading to
increased flooding (Westerhoff and Smit 2009; Casale et al.
2010; Tschakert et al. 2010). These biophysical drivers act
to deplete people’s natural capital by shortening the
growing season and decreasing soil moisture and soil fer-
tility (Quaye 2008; Batisani 2012; Milgroom and Giller
2013). This can lead to seasonal crop failures and long-
term production problems, resulting in food insecurity due
to a reduction in the availability of food. Furthermore, low
crop yields affect people’s access to food, since households
usually sell surplus at the market as a source of income.
Hence, low crop yields are a stressor that acts on people’s
financial capital (Hesselberg and Yaro 2006; Yaro 2006;
Codjoe and Owusu 2011).
Financial capital is also affected by high food costs.
Globally, rising food costs further increase people’s food
insecurity, as they must spend a larger proportion of their
income on eating, hindering their access to food (Batisani,
2012). A reduction in financial capital results in lower
adaptive capacity, hence increased vulnerability. Other
stressors that act on financial capital include the rising costs
of goods, services, and labor (Hesselberg and Yaro 2006;
Bunce et al. 2010), the removal of agricultural subsidies,
and the lack of availability of loans (Hesselberg and Yaro
2006; Quaye 2008; Wilk et al. 2013).
Disease and other stresses on health contribute to vul-
nerability. Illness is sometimes related to a lack of reliable
potable water (Westerhoff and Smit 2009). Disease reduces
a household’s human capital, as it often restricts people’s
ability to labor on the farm or undertake other household
tasks. It also affects financial capital, as poor health and
difficulty accessing health services limit households’ abil-
ity to gain income (Hesselberg and Yaro 2006; Bunce et al.
2010; Casale et al. 2010; Wilk et al. 2013). In Ghana, rising
healthcare costs due to economic liberalization policies can
severely deplete a household’s financial capital (Hessel-
berg and Yaro 2006).
Social capital plays an important role in people’s
adaptive capacity. In Mali, the gradual drying of lake
Faguibine has meant that people living in the area, who
used to depend on fishing, have had to adapt to a depleted
form of natural capital by shifting to rearing livestock
(Djoudi et al. 2013). These former fishers are short on
experience and knowledge regarding livestock rearing, and
government extension services have not adjusted them-
selves to their new needs. Therefore, a lack of social capital
with respect to their new livelihood decreases their adap-
tive capacity and further increases their vulnerability.
In the Wenchi region of Ghana, farmers rely on their
social capital to build their adaptation strategies (Adjei-
Nsiah et al. 2010). Farmers, and particularly migrant
farmers whose financial and human capitals are low, par-
take in food and labor sharing in order to maintain their
productivity.
Physical capital is also key to people’s adaptive ca-
pacity. In Ghana’s Afram Plains, communities that are
better served by roads have more available food (Codjoe
and Owusu 2011). When food production is not high
enough to last until the next harvest, food continues to be
available in the community at the market so long as roads
remain operational.
Adaptation strategies
People use varied strategies to adjust to changes in their
environment. In some situations, households undertake no
adaptation to change (Bryan et al. 2009; Trærup and Mertz
2011; Tambo and Abdoulaye 2013). This can be due to a
perception that the stressor is not critical (Patt and Schro¨ter
2008), or to an inability to adapt (sometimes due to
financial reasons) (Trærup and Mertz 2011).
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In reaction to changing rainfall patterns and in shorter
growing seasons, some farmers are shifting to drought-
tolerant crops and fast-maturing varieties in order to adapt
to shorter growing seasons (Trærup and Mertz 2011;
Tambo and Abdoulaye 2013). These shifts are sometimes
aided by social capital such as government programs and
extension, or communication and support among farmers
(Yaro 2006), demonstrating the important role of higher-
level structures and processes.
In South Africa, Thomas et al. (2007) show that a short-
term adaptation strategy to dry spells is to shift from
cropping to livestock management. While this strategy is
effective in reducing reliance on crops that may fail due to
lack of rain, farmers are noting a reduction in grazing
resources. One of the shift’s outcomes is therefore having a
negative impact on natural capital. Other changes in
farming practices due to changes in rainfall include
increasing planting distances in response to soil moisture
deficits, introducing short-maturing varieties of maize in
response to reduced rainfall at the end of the growing
season, and the construction of stone bunds to curb soil
erosion caused by more intense rainfall (Thomas et al.
2007). Farmers in this study also draw upon their social
capital to build their adaptation strategies. They form
cooperatives to reduce production and transportation costs.
They also obtain help from government extension agencies
to gain access to drought-resistant crop varieties and
indigenous livestock breeds.
In Ghana, adaptive strategies in farming include intensi-
fication and extensification of crops, and experimentation
with new crops, but only when support is available for inputs.
Hence, farmers rely on social capital. Other coping strategies
include applying inputs selectively to specific crop and land
types, increasing the use of family labor (human capital),
early harvesting of crops, and forming alliances with farmers
to help in labor distribution (Yaro 2006).
Livelihood adaptation strategies in the face of rising
costs are diverse. They range from borrowing from rela-
tives, friends, or local banks, to withdrawing children from
school and avoiding hospitals, to the diversification of
activities to earn income. Deagrarianization, or livelihood
diversification away from the farm, is a major adaptive
strategy (Hesselberg and Yaro 2006; Yaro 2006; Tambo
and Abdoulaye 2013). In Ghana, this strategy is most im-
portant in the dry season months and is also a key coping
strategy when climate variability causes production failures
(Yaro 2006).
Livelihood diversification allows households to access
other sources of income when production is insufficient to
feed the occupants (Hesselberg and Yaro 2006). Some
adaptation strategies, such as selling livestock, may be
helpful in the short term, providing money for food,
schooling, medical, and other household needs. However,
selling livestock can reduce manure input, depleting nat-
ural capital and resulting in lower food production (Hes-
selberg and Yaro 2006; Trærup and Mertz 2011).
Stressors can have differential impacts on community
members, and adaptation strategies can vary by gender,
social status, and so on. In Ghana, Codjoe et al. (2012)
found differences in adaptation strategies between men and
women. In response to flooding, women tended to prefer
adopting post-harvest technology more than men, while
men favoured light infrastructure projects such as the
construction of community drains. Women’s land rights
tend to be restricted and are therefore less able to move
their food production to less flood-prone areas. Post-har-
vest technologies therefore allow them to conserve a
greater proportion of their flood-affected harvests.
Outcomes
Livelihood outcomes can also reflect both intended and
unintended results of adaptation strategies. In East and
West Africa, the construction of small reservoirs and
rainwater storage facilities (built for domestic and irriga-
tion purposes) has likely helped deal with rainfall vari-
ability but has also resulted in rising rates of water-related
diseases, namely malaria and schistosomiasis (Boelee et al.
2013).
In northern Mali, the temporary out-migration of mostly
male laborers has meant that women must undertake
activities once reserved for men on top of their own
activities. This increases their work burden, increases their
vulnerability, and decreases their well-being (Djoudi et al.
2013).
In some regions, such as Wenchi, Ghana, changes in soil
fertility and the length of the growing season have lead to
people adapting by switching from cash crops (such as
cocoa) to short-season and drought-tolerant crops such as
maize, yam, and cowpea, which generate less income
(Adjei-Nsiah et al. 2010).
Conclusion
The predominant approach to analyzing climate change
and food security in sub-Saharan Africa has been to model
the effects of future climate change scenarios on food
production. While this provides valuable information on
possible future yields and production levels under a
changing climate, food security also involves issues of food
accessibility and utilization. Food security is an integral
part of people’s well-being. Sustainable livelihood ap-
proaches have indicated that there are other important
factors that influence people’s livelihoods, such as income,
health, and assets.
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The conceptual framework outlined here demonstrates
the elements that the fields of climate change IVA, food
security, and sustainable livelihoods contribute to an in-
tegrated model of the relationships among climate, food,
and livelihoods. Many of the components and interrela-
tionships outlined in the framework have been noted (and
sometimes analyzed) elsewhere; this conceptualization
synthesizes these with a focus on climate change and food
security. Notably, the framework highlights climate
change as but one stressor among many, and it is intri-
cately interconnected with other biophysical and socioe-
conomic drivers. It recognizes that people’s adaptive
capacity reflects their access to assets, which in turn are
shaped by the multiple drivers. People’s potential and
ability to undertake adaptation strategies are shaped by
their access to natural, social, financial, physical, and
human capitals. Adaptive strategies are the realization of
adaptive capacity, and they take many forms and occur
within transformations of sociopolitical and economic
structures. Adaptation initiatives have consequences
(sometimes unintended) for livelihood outcomes and nat-
ural resource outcomes. These consequences can feed
back positively and/or negatively to the assets and to
people’s vulnerabilities.
Several of these features of the framework have already
been recognized and acted upon elsewhere, particularly in
the development community. For programs seeking to
improve the livelihoods of people, reduce poverty, and
enhance food security, it makes little sense to address cli-
mate change in isolation from the other powerful forces of
change. Organizations such as the Food and Agriculture
Organization, the World Bank, and the Research Program
on Climate Change, Agriculture and Food Security
(CCAFS) of the Consultative Group on International
Agricultural Research (CGIAR) employ the ‘‘climate-smart
agriculture’’ framework, which seeks to sustainably
increase agricultural production while adapting to climate
change and mitigating greenhouse gas emissions (FAO
2013; Neate 2013). Such developments are also evident in
the most recent IPCC reports, although the clear focus
remains on crop yields and production.
The framework is intended primarily to guide empirical
studies especially at a community level. It is employed
here to illustrate how findings from a variety of empirical
case studies in sub-Saharan Africa fit within the frame-
work. Improving our understanding of the relationships
among climate, food, and livelihoods is more than a
scholarly imperative—it is also necessary to help guide
practical initiatives, such as policies, programs, and
actions (including climate change adaptation), intended to
sustain or improve the livelihoods and food security of
people in sub-Saharan Africa as the climate continues to
change.
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